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Bureau du Colombier et al. 2007
Continental shelf
American glass eel, Facultative catadromous dispersion
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COSEPAC 2006
European glass eel
Strategy conditional dispersion
Methodss 2004
One Population, One Strategy
Many tactics
RiversCostal Estuaries
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plasticity 
H : Strategy conditional dispersion in American glass eel 
Depending on 
the Condition
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RiversCoastal Estuaries
Physiologic differences
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Objectives of the PhD
Thyroid hormone levels in
glass eels expressing different
salinity preferences ?
Is there a relationship between salinity preference and
Condition status in glass 
eels ?
Expression of candidate
genes in glass eels
expressing different salinity
preferences ?
Energy
Metabolism
Growth
Swimming performance 
… Phenotypic differenceEn
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Objectives of the PhD
Hormonal pattern ?
Does this relationship vary among rivers, season & the year of fishing ?
Is there a relationship between salinity preference and
Condition status in 
glass eels ?
Gene expression ?
Quickly mobilized Roche et al. 2003
Long-term Needs, Used during the fasting Roche et al. 2003
3/8 Lipid classes of interest
State of energy reserves Roche et al. 2003
Survival and physiological status of juvenile fish
Energetic content : Glycogen & Lipid contents
Indicators of Energetic status
Body condition : Fulton’s condition factor
Weight-length relationship
Energy concentrated
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Physiological condition & Nutritional status
Cheppala et al. 1995
Fraboulet et al. 2010
Quickly mobilized Roche et al. 2003
Long-term Needs, Used during the fasting Roche et al. 2003
3/8 Lipid classes of interest
State of energy reserves Roche et al. 2003
Survival and physiological status of juvenile fish
Energetic content : Glycogen & Lipid contents
Indicators of Energetic status
Body condition : Fulton’s condition factor
Weight-length relationship
Energy concentrated
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Physiological condition & Nutritional status
Cheppala et al. 1995
Fraboulet et al. 2010
Triacyglycerols (TAGs) : Major energy storage
Wax esters (SE-Ws) : Major energy source in
certain species (turbot eggs, copepods)
Ketones (KETs) : Important alternative energy
source for tissues during prolonged starvation
and important precursors for lipid synthesis in
neonatal brain
Sampling
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2 years
During summer
 At the entrance of the rivers : Glass eels 
have an homogenous history of salinity
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Material & 
Methods
Four rivers
21
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Material & 
Methods
Fishing
Groups 
Anaesthetized in MS 222
Definition of groups
11
FW SW
No Yes 
INA
Behaviour test (B. Boivin) 
Salinity preference
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Material & 
Methods
Fishing
Stage of pigmentation
STAGE 1
Measured & weighted Sampled & frozen 
Sampling
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Material & 
Methods
Lipid extraction in dichloromethane and methanol solution  
Lipid purification : isolation chloroform layer 
Chromarod thin-Layer chromatography with measurement 
by Iatroscan Flame
Parrish 1999
Total content of glycogen and of lipids
Homogenate in PBS solution
Quantitative enzymatic assay 
(amyloglucosidase)
Carr & Neff 1984
Analyses
13
SCEE May 2013 - Is the energy status influencing dispersion of American glass eel? Gaillard et al.
Material & 
Methods
Lipid extraction in dichloromethane and methanol solution  
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by Iatroscan Flame
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Total content of glycogen and of lipids
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Material & 
Methods
Rivers 
Sampling
2011 Sampling 
(Months)
2012 Sampling 
(Months)
4    5     6    7    8 4    5    6    7    8
MR
ER
RSJ
GRB
 Length & Wet Mass
 Fulton’s Condition Factor  K= 100 *( M  / L3) Lamaze et al. 2012
Salinity
Time
N=1143
Body condition
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Results
Rivière; LS Means
Current effect: F(3, 1131)=148,25, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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L.S Means /0,95 confidence intervals
Current effect F(3,1131)=148,25, p=0,0000
Glass eels are smaller in Nova Scotia 
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Results
FCF
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River; LS Means
Current effect: F(2, 730)=248,23, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Year"=2012
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River; LS Means
Current effect: F(2, 407)=77,430, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Year"=2011
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L.S Means /0,95 confidence intervals
Current effect F(2,407)=77,430, p=0,0000
Include condition: « Year »=2011
L.S Means /0,95 confidence intervals
Current effect F(2,730)=248,23, p=0,0000
Include condition: « Year »=2012
Glass eels captured in MR, in 2012, have the highest condition 
index
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Results
FCF
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River; LS Means
Current effect: F(2, 730)=248,23, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Year"=2012
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River; LS Means
Current effect: F(2, 407)=77,430, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Year"=2011
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L.S Means /0,95 confidence intervals
Current effect F(2,407)=77,430, p=0,0000
Include condition: « Year »=2011
L.S Means /0,95 confidence intervals
Current effect F(2,730)=248,23, p=0,0000
Include condition: « Year »=2012
Glass eels captured in MR, in 2012, have the highest condition 
index
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Results
FCF
4 3 1 214
4
3
1 2
The sooner is the migration, the highest is the condition factor
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Results
FCF
Month; LS Means
Current effect: F(3, 1139)=235,18, p=0,0000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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L.S Means /0,95 confidence intervals
Current effect F(3,1139)=235,18, p=0,0000
In Nova Scotia’s Rivers, FW glass eels have the highest condition 
than ones SW and INA in 2011
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Results
FCF
43
Groupe; LS Means
Current effect: F(2, 451)=7,1413, p=,00088
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "River"="MR"
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Groupe; LS Means
Current effect: F(2, 122)=3,3712, p=,03758
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "River"="ER"
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L.S Means /0,95 confidence intervals
Current eff ct F(2,451)=7,1413, p=0,0088
Include condi ion: « iver »=« MR »
L.S Means /0,95 confidence intervals
Current effect F(2,122)=3,3712, p=0,03758
Include condit n: « River »=« ER »
Glycogen Carr & Neff (1984) and lipid contents Parrish (1999)
Rivers 
Sampling
2011 Sampling 
(Months)
2012 Sampling 
(Months)
4    5     6    7    8 4    5    6    7    8
MR
ER
RSJ
GRB
Salinity
Time
N=137
Nova Scotia
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Results
First lipidic profile reported for American glass eels:
Three sources of reserve lipids
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Results 
lipids
Wax esters (SE-Ws) : Major energy source
(>10%) in certain species (turbot eggs, copepods,
annelids,...), seems to be a phylogenetic trait
(Budge et al. 2006)
Triacyglycerols (TAGs) : Major
energy storage
Ketones (KETs) : Important alternative
energy source for tissues during
prolonged starvation than glucose,
important precursors for lipid synthesis in
neonatal brain (Gunstone et al. 1986)
Rivière; LS Means
Current effect: F(1, 137)=19,344, p=,00002
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Rivière; LS Means
Current effect: F(1, 137)=57,653, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Riv ière; LS Means
Current effect: F(1, 137)=59,586, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Two different lipid profiles in glass eels 
from rivers of the same area: Nova Scotia
Glass eels captured in MR have the highest condition & the highest TAG content 
Glass eels captured in ER have the lowest condition, a low TAG content, a high SE-W & KET content
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Results 
lipids
L.S Means /0,95 confidence intervals
Current effect F(1,137)=59,586, p=0,0000
L.S Means /0,95 confidence intervals
Curr nt eff c F(1,137)=57,653, p=0,0000
L.S Means /0,95 confidence intervals
Current effect F(1,137)=19,344, p=0,0002
Rivière; LS Means
Current effect: F(1, 137)=19,344, p=,00002
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Rivière; LS Means
Current effect: F(1, 137)=57,653, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Riv ière; LS Means
Current effect: F(1, 137)=59,586, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
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Two different lipid profiles in glass eels 
from rivers of the same area: Nova Scotia
Glass eels captured in MR have the highest condition & the highest TAG content 
Glass eels captured in ER have the lowest condition, a low TAG content, a high SE-W & KET content
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Results 
lipids
L.S Means /0,95 confidence intervals
Current effect F(1,137)=59,586, p=0,0000
L.S Means /0,95 confidence intervals
Curr nt eff c F(1,137)=57,653, p=0,0000
L.S Means /0,95 confidence intervals
Current effect F(1,137)=19,344, p=0,0002
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Results 
lipids
Glass eels captured in 2011, have the lowest condition, a low TAG content, a high SE-W & KET 
content
In MR, glass eels have the highest condition in 2012 & 
a high TAG content
Année; LS Means
Current effect: F(1, 107)=34,466, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Année; LS Means
Current effect: F(1, 107)=12,326, p=,00066
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Année; LS Means
Current effect: F(1, 107)=11,914, p=,00080
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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L.S Means /0,95 confidence intervals
Current effect F(1,107)=34,466, p=0,0000
Include condition: « River »=« MR »
L.S Means /0,95 confidence intervals
Current effect F(1,107)=11,914, p=0,0080
Include condition: « River »=« MR »
L.S Means /0,95 confidence intervals
Current effect F(1,107)=12,326, p=0,0066
Include condition: « River »=« MR »
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lipids
Glass eels captured in 2011, have the lowest condition, a low TAG content, a high SE-W & KET 
content
In MR, glass eels have the highest condition in 2012 & 
a high TAG content
Année; LS Means
Current effect: F(1, 107)=34,466, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Année; LS Means
Current effect: F(1, 107)=12,326, p=,00066
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Année; LS Means
Current effect: F(1, 107)=11,914, p=,00080
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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L.S Means /0,95 confidence intervals
Current effect F(1,107)=34,466, p=0,0000
Include condition: « River »=« MR »
L.S Means /0,95 confidence intervals
Current effect F(1,107)=11,914, p=0,0080
Include condition: « River »=« MR »
L.S Means /0,95 confidence intervals
Current effect F(1,107)=12,326, p=0,0066
Include condition: « River »=« MR »
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Results 
lipids
The sooner is the migration, the lowest is the condition factor, the 
lowest is TAG content , the highest are SE-W & KET content 
Mois; LS Means
Current effect: F(2, 106)=45,510, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Mois; LS Means
Current effect: F(2, 106)=12,536, p=,00001
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Mois; LS Means
Current effect: F(2, 106)=34,375, p=,00000
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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L.S Means /0,95 co fidence intervals
Current effect F(2,106)=45,510, p=0,0000
L.S Means / , 5 confidence intervals
Current effect F(2,106)=34,375, p=0,0000
L.S Mea s / ,95 confidence intervals
Current effect F(2,106)=12,536, p=0,0001
In ER, differences lipid profiles are detected between groups :
FW & SW Glass eels have a greater SE-W & KET content than INA
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Results 
lipids
Groupe*Rivière; LS Means
Current effect: F(2, 133)=7,3542, p=,00093
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Groupe*Rivière; LS Means
Current effect: F(2, 133)=5,4293, p=,00541
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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 Glass eels from MR have the highest TAG content, but their lipid content doesn’t differ with 
the salinity preference 
L.S Means /0,95 confidence intervals
Current effect F(2,133)=7,3542, p=0,0093
L.S Means /0,95 confidence intervals
Current effect F(2,133)=5,4293, p=0,00541
29
SCEE May 2013 - Is the energy status influencing dispersion of American glass eel? Gaillard et al.
American glass eels have 3 lipids energetic storage : 
TAG, SE-W & KET
Main points
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2 different lipid profiles in glass eels from rivers of Nova Scotia 
depending on their Fulton's condition factor :
In ER, FW & SW glass eels have a greater SE-W & KET content than INA
A phylogenetic trait ?
Glass eels from ER have the lowest condition associated with 
a low TAG content, a high SE-W & KET content
 In MR, the lipid content of glass eels doesn’t differ with the salinity preference 
Glass eels from MR have the highest condition associated with
a high TAG content  and 2012 is a best year
Main points
In Nova Scotia, the glass eels are the smallest and by river , FW have the 
highest condition index
Glass eels lipid profiles from GRB and RSJ
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ConclusionsTo develop the hypothesis Main Points
Glass eels hormonal profiles from GRB, RSJ, MR & ER
Glass eels genetic expression  profiles from GRB ,RSJ, MR & ER
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lipids
Année; LS Means
Current effect: F(1, 107)=12,326, p=,00066
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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ANNEE; LS Means
Current effect: F(1, 106)=11,519, p=,00097
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "RIVIERE"="MR"
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Année; LS Means
Current effect: F(1, 107)=11,914, p=,00080
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
Include condition: "Rivière"="MR" 
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Glycogen content of glass eels is higher in 2011 than in 
2012  as SE-W and KET
 There is no relationship between glycogen content with the other energy indicators
Rivers 
Sampling
2011 Sampling 
(Months)
2012 Sampling 
(Months)
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 Pigmentation stage Haron et al. 1998
Salinity
Time
N=733
2012
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Results
Difference between groups at GRB & RSJ
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Results : 
Pigmentation
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Boxplot by Group
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Difference between groups at GRB & RSJ
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Results : 
Pigmentation
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Boxplot by Group
Variable: Stade de Pigmentation
Include condition:  "Rivière"="GRB"
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Boxplot by Group
Variable: Stade de Pigmentation
Include condition:  "Rivière"="RSJ"
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Détermination du stade d’après l’échelle de Haron et 
al. 1988
